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Description 
Wall Arrangement for a Servomotor 

Background of Invention 

[0001] This invention relates to a movable wall for a brake 
booster wherein a diaphragm that divides a cavity of 
housing into a first chamber and a second chamber has an 
axial bead that axially urges a backing plate against a 
shoulder of a flange on hub member while a ledge on a 
front face of the axial bead is constrained between the 
backing plate and a groove in the hub member and a con- 
volute that extends from a rear face thereof allows the di- 
aphragm to move with the hub during a manual brake ap- 
plication without the introduction of a radial force on the 
axial bead that may effect a seal there between. 

[0002] The movable wall of a vacuum brake booster usually con- 
sist of a backing plate and a diaphragm with the di- 
aphragm having an external peripheral bead held between 
flanges on a front shell and a rear shell and an internal 
bead retained in a groove in a hub of the movable wall to 
separate a front chamber from a rear chamber, such as 


disclosed in U.S. Patent 3,083,698. In an effort to elimi- 
nated the nut type connection is was disclosed in U. S. 
Patent 3,754,450 that an internal bead having a smaller 
diameter than a diameter of the q roove in the hub would 
allow the internal bead to resiliently snap into the groove 
to define a radial seal between the internal bead and the 
bottom of the groove. Further efforts to reduce the bulk 
or axial dimension of the movable wall, the radial flange 
of the hub was reduced and a resultant output force axi- 
ally transmitted into the flange through the backing plate 
with the internal bead holding the backing plate against 
the hub in a manner as disclosed in U.S. Patents 
3,897,718 and 3,958,497. During a brake application, a 
first pressure is present the front chamber and a second 
pressure is present in the rear chamber and as a result a 
pressure differential is created across the movable wall 
that creates a force that is communicated through the 
backing plate into the hub for providing an actuation force 
to develop a braking force in a master cylinder to effect a 
brake application. This type structural arrangement func- 
tions in an adequate manner as long as a pressure differ- 
ential is created across the movable wall. Unfortunately in 
an absence of an available first pressure (vacuum) for the 


front chamber, in order to effect a brake application, a 

manual input force must move the hub to provide the 

master cylinder with an actuation force to effect a brake 

application. In moving the hub by the manual input force, 

the diaphragm is stretched and places a radial force on 

the internal bead such that under certain condition it may 

actually separate from the groove and as a result it has 

been suggested that a keeper be attached to the hub to 

retain the bead in the groove. Unfortunately, some of the 

input force applied to effect the manual brake application 

is reduced by an amount equal to the force required to 

stretch the diaphragm. 
Summary of Invention 

[0003] it is an object of this invention to provide a vacuum brake 
booster with a movable wall having a diaphragm that sep- 
arates a front chamber from a rear chamber with a convo- 
lute section that substantially allows an entire manual in- 
put force to be applied to an output push rod to effect a 
manual brake application without a reduction by expand- 
ing as the wall moves from a rest position to an actuation 
position. 

[0004] | n m ore particular detail, the brake booster according to 
the present invention has a first shell that is joined to a 


second shell to create a housing. The interior of the hous- 
ing is divided by a movable wall into a first chamber and a 
second chamber with the first chamber permanently con- 
nected to receive fluid having a first pressure (vacuum) 
while the second chamber is selectively connected to re- 
ceive fluid having the first pressure (vacuum) during a pe- 
riod of rest and a second pressure (atmospheric pressure) 
during a period of actuation. Actuation occurs as a func- 
tion of an input force applied to a valve to create a pres- 
sure differential across the movable wall. The pressure 
differential acts on the movable wall to develop an output 
force that is applied to a master cylinder to effect a brake 
application. In the absence of the availability of vacuum, 
an input force applied to the valve is essentially entirely 
transmitted from an input member through the hub to 
manually effect a brake application. The movable wall ac- 
cording to the invention is characterized by a diaphragm, 
a backing plate and the hub. The diaphragm is defined by 
a disc having a peripheral bead that is retained between 
the first and second shells and an axial bead that is lo- 
cated in a groove of a cylindrical body of the hub. The 
cylindrical body of the hub has a flange that extends a 
first distance from the cylindrical body and a rib that ex- 


tends a second distance from the cylindrical body such 
that the flange forms a front face and the rib forms a rear 
face for the groove. The cylindrical body has an arcuate 
transition surface that is located between a bottom of the 
groove and the front face. The axial bead has a profile 
corresponding to the resulting groove and an arcuate lip 
that extends from a rear surface with a convolute that ex- 
tends from the arcuate lip to a radial section of the disc 
the disc. The backing plate has a disc with a profile that 
essentially corresponds to the shape of the diaphragm 
and a radial annular surface that engages the front face of 
the groove while the axial bead engages and urges the ra- 
dial annular surface into engagement with the front face 
of the groove to separate the front chamber from the rear 
chamber. In response to an input force being applied to 
the valve in an absence of the availability of vacuum, input 
force is applied to the output push rod through the hub 
and the convolute allows the hub to move without creat- 
ing a radial force in the diaphragm that may cause the ax- 
ial bead to move out of contact with the bottom of the 
groove. 

[0005] An advantage of this invention resides in the compaction 
of the axial bead of a diaphragm in a groove on a cylindri- 


cal body of a hub to seal a front chamber from a rear 
chamber. 

[0006] it is an object of this invention to provide a brake booster 

with a backing plate and diaphragm wherein the backing 

plate assists in retaining an axial bead in a groove to 

maintain a sealed relationship between the axial bead and 

a groove in a hub of a movable wall. 
Brief Description of Drawings 

[0007] Figure 1 is a sectional view of a brake booster having a 
movable walls made according to the present invention; 

[0008] Figure 2 is an enlarged sectional view of an axial bead for 
a diaphragm of a movable wall of Figure 1; 

[0009] Figure 3 is a sectional view of the brake booster of Figure 
1 during a manual brake application; and 

[0010] Figures 4-14 are schematic views of the steps for in at- 
taching the backing plate and diaphragm to a hub of the 

movable wall of the brake booster of Figure 1. 
Detailed Description 

[0011] a tandem brake booster 10 illustrated in Figure 1 is made 
according to the present invention and is defined by a 
housing 11. Housing 11 is constructed a front shell 12 
that is joined to a rear shell 14 by rolling a lip 16 on the 


rear shell 14 over an annular flange 18 on the front shell 
12 to create a unitary structure of a type illustrated in U.S. 
Patent 6,390,567. In joining the front shell 12 to the rear 
shell 14, an interior cavity 20 is created that is separated 
into a first chamber 22 and a second chamber 24 by a 
first wall assembly 26 and into a third chamber 28 and a 
fourth chamber 30 by a second wall assembly 32. The 
second chamber 24 is separated from the third chamber 
28 by a partition member 34 that engages the rear shell 
14 and a cylindrical body 36 of hub 35 that extends 
through the first 26 and second 32 wall assemblies. The 
cylindrical body 36 has a stepped internal bore 38 that re- 
ceives a control valve 40 that is connected to a brake 
pedal. The cylindrical body 36 has a radial opening 42 
therein through which bore 38 connects the first chamber 
22 to the third chamber 28, a passage 44 through which 
the first chamber 22 is connected to an annular vacuum 
seat 46 in bore 38, a passage 48 through which the bore 
38 adjacent the vacuum seat 44 is connected to the fourth 
chamber 30. The control valve 40 that is located in bore 
38 includes a plunger 52 and a poppet member 54. The 
poppet member 54 has a first end that is fixed to the 
cylindrical body 36 and a flexible annular face 56 that is 


urged toward valve seat 46 by a first spring 58 retained 
on a push rod 60 connected to the brake pedal, in addi- 
tion, a second spring 62 acts on the push rod 60 to urge 
the plunger 52 toward an atmospheric seat 59 on face 56 
of the poppet member 54. 
[0012] | n response to an input force applied by an operator to 
brake pedal, push rod 60 moves such that spring 58 
urges face 56 into engagement with vacuum seat 46 to 
interrupt communication through passage 44 and there- 
after moves plunger away from seat 58 to allow air from 
the surrounding environment to be communicated from 
bore 38 to passage 48 for distribution to chambers 30 
and to chamber 24 by way of flow path 64 formed adja- 
cent the peripheral of the interior cavity 20. The air that is 
communicated to chambers 30 and 24 creates a pressure 
differential with vacuum available in chambers 22 and 28 
such that an operational force is created across the first 
26 and second 32 wall assemblies. This operational force 
is carried through the first 26 and second 32 wall assem- 
blies into hub 36 and after overcoming return spring 64 
provides push rod 66 with an actuation force to pressur- 
ize fluid in a master cylinder (not shown) and effect a 
power assist brake application. In an absence of the avail- 


ability of vacuum in chambers 22 and 28, an input force 
applied to the brake pedal after overcoming the force of 
return spring 64 is directly communicated through cylin- 
drical body 36 to push rod 66 to pressurize fluid in mas- 
ter cylinder to effect a manual brake application as illus- 
trated in Figure 2 without a reduction caused by a force 
required to expand the diaphragms 100,100' in walls as- 
semblies 26 and 32. 

[0013] The relationship of the wall assemblies 26 and 32 with re- 
spect to the cylindrical body 36 of hub 35 are essentially 
identical and as a result in the specification and drawings 
a same number with a 1 may be used to identify a similar 
feature, as wall assembly 26 consists of a backing plate 
120 and diaphragm 100 and wall assembly 32 consists of 
backing plate 120' and diaphragm 100'. 

[0014] The cylindrical body 36, as best illustrated in Figure 3, is 
defined by a peripheral surface with a flange 102 that is 
separated from an annular rib 104 wherein the flange 102 
forms a front face 106 and the annular rib 104 forms a 
rear face 105 for a groove 110. The flange 102 having a 
peripheral surface 112 at a first height "h 1 " and annular 
rib 104 has a second peripheral surface 114 at a second 
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height "h " from a peripheral surface 37 of the cylindrical 


body 36. The flange 102 has an arcuate indentation 116 
adjacent the peripheral surface 112 that transitions into 
the radial surface of the front face 106 while an arcuate 
surface 118 transitions the bottom 111 of groove 110 into 
the front face 106. 

[0015] a backing plate 120 is defined by a disc 122 that has a 

peripheral surface 124 that approximates the diameter of 
housing 11 and an axial opening 126 that is perpendicu- 
lar to a radial surface 128. In addition, disc 122 may also 
include an annular projection 130 through which a portion 
129 of disc 122 may be offset from the radial surface 128 
to better nestle within cavity 20. The backing plate 120 is 
placed on cylindrical body 36 such that the annular pro- 
jection 130 is mated with the arcuate indentation 116 on 
flange 102 to assist in axially centering radial surface 128 
on the front face 106 in groove 110. 

[0016] a diaphragm 100 is defined by a disc 140 with a periph- 
eral bead 142 and an axial bead 144. The peripheral bead 
142 is fixed between a shoulder on the front shell 12 and 
a shoulder on the partition 34 while the axial bead 144 is 
located in groove 110. The axial bead 144 has a profile 
substantially identical with groove 110 with a front face 
146 separated from a rear face 148 by an cylindrical axial 


face 150 that transitions through an arcuate surface 152 
into the front face 146 and wherein the front face 146 is 
parallel to the rear face 148. A ledge 154 extends from 
the front face 146 to a shoulder 156 that is located in a 
plane that is substantially parallel with the rear face 148 
and the shoulder 156 extends from the ledge 154 to an 
apex 160 such that the height of the apex 160 from the 
axial cylindrical surface 150 is approximately equal to the 
height h of flange 106. The axial bead 144 is further 
characterized by a lip 162 that extends from the rear face 
148 that is connected by a convolute 164 to disc 140 and 
a ramp 166 that extends from adjacent lip 162 to the 
apex 160. The axial bead 144 is located in groove 110 
such that front face 146, arcuate surface 152, cylindrical 
surface 150 and rear face 148 are axial ly compacted be- 
tween the front face 106, arcuate surface 118 and rear 
face 105 on the cylindrical body 36 while the shoulder 
156 acts on radial surface 128 to hold backing plate 120 

against flange 106. 
Mode of constructing a Wall Assembly 


[0017] Figures 4-14 illustrate steps that are required to attach 

the wall assemblies 26 and 32 to hub 35. 
[0018] This process may include the following steps:a hub 35, as 


best shown in Figure 2, is obtained from a source that is 
defined by a cylindrical body 36 with a flange 102 on a 
first end 33 that is separated from an annular rib 104. The 
flange 102 forms a front face 106 and the annular rib 104 
forms a rear face 105 of a groove 110 on the peripheral 
surface 37 of the cylindrical body 36. The flange 102 has 
a height h 1 to define a first peripheral surface 112 above 
the cylindrical body 36 while the rib 104 has a height h 2 
to define a second peripheral surface 114 above the pe- 
ripheral surface 37. The peripheral surface 37 of the 
cylindrical body 36 has an arcuate surface 118 that transi- 
tions a bottom 111 of groove 110 into the front face 106. 
The flange 102 has an arcuate indentation 116 adjacent 
the peripheral surface 37 that transitions into the radial 
surface of the front face 106;the hub 35 is placed on a 
first fixture 500 and a second fixture 502 is placed on the 
peripheral surface 37 of the cylindrical body 36, as shown 
in Figure 4. The second fixture 502 is defined by a first 
sleeve 504 with a first end 506 that engages rib 114 and a 
second end 508. The first sleeve 504 has a first diameter 
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505 that corresponds to the height h of rib 114, the first 
diameter 505 extends from the first end 506 to a radial 
shoulder 510 from a smaller second diameter 512 and a 


still smaller third diameter 514 that extends from the sec- 
ond end 508 to a ramp 516 that connects the third diam- 
eter 514 with the second diameter 512. In addition sleeve 
504 has a arcuate surface 518 that transitions the second 
diameter 512 into the radial shoulder 510;a backing plate 
120, of the type illustrated in Figures 1 and 2, is obtained 
from a source, the backing plate 120 is defined by a disc 
122 having an axial opening 126 that is surrounded by a 
radial surface 128 and an annular projection 130 through 
which a portion 129 of the disc 122 may be offset from 
the radial surface 128;the backing plate 120 is placed on 
the cylindrical body 36, see Figure 4, such that the annu- 
lar projection 130 is mated with the annular indentation 
116 on flange 106 and the radial surface 128 engages the 
front face 106 to center the axial opening 126 within 
groove 110 of the cylindrical body 36;thereafter, a di- 
aphragm 100 of a type illustrated in Figures 1 and 2 is 
obtained from a source that is defined by a disc 140 with 
an peripheral bead 142 and an axial bead 144. The axial 
bead 144 including a convolute 164 that extends from a 
lip 162 on a rear face 148, an inner peripheral face 150 
with a cylindrical section that extends from the rear face 
148 through an arcuate section 152 to a front face 146 


that is parallel to the rear face 148. The front face 146 is 
further characterized by a ledge 154 that extends to a 
shoulder 156 that is radially aligned in a plane parallel 
with the front face 146 and extends to an apex 160 such 
that the height of the apex 160 from face 150 is approxi- 
mately equal to the height h 1 of flange 102. The axial 
bead is further characterized by a ramp 166 that extends 
from adjacent lip 162 to the apex 160; the diaphragm 100 
is now placed on the second fixture 502 as shown in Fig- 
ure 5 with the axial bead 144 being located on the second 
diameter 512 of sleeve 504 with the front face 146 en- 
gaging shoulder 510;a third fixture 540 is brought into 
alignment with the second fixture 502, the third fixture 
540 including a plurality of legs 542 (only one of which is 
shown) that engage the third diameter 514 of sleeve 504, 
the legs 542 are initially positioned in a plane that is at an 
angle with respect to the axis of the second fixture 502, 
see Figure 6;the third fixture 540 is axially moved toward 
the first fixture 500 such that the legs 542 progressively 
pivot about pin 541 while engaging the third diameter 
514, ramp 516, second diameter 512 of sleeve 504 and 
rear face 148 of axial bead 144, see Figure 7, and cause 
the axial bead 144 to rotate see Figure 8, and move the 


rear face 148 onto the plurality of legs 542, see Figure 9, 
when the plurality of legs 542 have pivoted to an axial 
position with respect to the axis of the second fixture 
502;a fourth fixture 550 is moved toward the third fixture 
540, see Figure 10. The fourth fixture 550 is defined by a 
second sleeve 552 with a face 554 on a first end that is 
characterized by an annular apex 556 that extends from 
an outer peripheral surface 558 toward and inner periph- 
eral surface 560;the second sleeve 552 is moved into en- 
gagement with the axial bead 144, see Figure 11, to slide 
the rear face 148 off the plurality of legs 542 and onto the 
first diameter 505 of the first sleeve 504 of the second 
fixture 502 and slide the axial bead 144 toward the first 
fixture 500, see Figure 12 such when the rear face 148 
passes over the peripheral surface 114 of rib 104, the ax- 
ial bead 144 tilts toward groove 110 on the cylindrical 
member 36, see Figure 13; the second sleeve 552 of the 
fourth fixture 550 continues to move toward the first fix- 
ture 500 and the third face 554 engages the convolute 
164, see Figure 14 and thereafter acts on the ramp 166 to 
compact the axial bead 144 into groove 110 such that the 
inner peripheral face 150 of the axial bead 144 engages 
the bottom 111 of groove 110, front face 146 engages 


face 106, rear face 148 engages face 105 and to form a 
sealed surface while shoulder surface 156 engages radial 
surface 128 to hold the backing plate 120 against flange 
102 to complete the installation of wall assembly 26 with 
respect to hub 35. 

[0019] t he fourth fixture 550, third fixture 540 and second 502 
fixtures are now removed from the cylindrical body 36;a 
partition member 34, of a type shown in Figure 1 having 
an inner surface 34a and an outer surface 34b is obtained 
from a source and placed on the cylindrical body 36 with 
the inner surface 34a sealingly engaging the cylindrical 
body 36 while the outer surface 34b will later be located 
between the front shell 12 and rear shell 14 to separate 
the interior of the housing; and thereafter wall assembly 
32 is attached to hub 35 in a manner hereinafter de- 
scribed that is similar to that described above with respect 
to wall assembly 26. 

[0020] a second fixture 502' is again brought into engagement 

with the cylindrical body 36;a second backing plate 120' is 
placed on flange 102';an axial bead 144' of a second di- 
aphragm 100' is obtained from a supply and placed on the 
second diameter 512 of fixture 502';a third fixture 540 is 
brought into engagement with the second fixture 502 and 


the plurality of legs 542 brought into engagement with 
the axial bead 144' and as the third fixture moves toward 
the first fixture 500 the axial bead 144' rotated to bring 
the rear face 148' onto the legs 542;finally face 554 of the 
fourth fixture 550 is brought into engagement the axial 
bead 144' and the fourth fixture 550 moved toward the 
first fixture 500 to compact the axial bead 144' in groove 
110' in a same manner as set forth above with respect to 
axial bead 144 to complete the attachment of bead 144' 
and backing plate 120' of wall assembly 32 to the cylin- 
drical body 36 of hub 35. 
[0021] | n radially compressing the axial bead 144 of wall assem- 
bly 25 in groove 110 and axial bead 144' of wall assembly 
32 in groove 110', the front faces 146,146 thereon re- 
spectively move past the axial openings 126,126' in disc 
122 ,122' of the backing plates 120,120' until ledge 154 
is axially aligned with the axial opening 126,126' and 
thereafter axially expands such that shoulders 156,156' 
engages radial surfaces 128,128' on disc 122,122' to hold 
the backing plates 120,120' in contact with the flanges 
102,102'. On withdrawal of the second sleeve 554 of the 
fourth fixture 550 away from the first fixture 500 to a po- 
sition of rest, that portion of disc 122,122' surrounding 


the axial openings 128,128' engages ledge 154 to assist 
in confining the axial beads 144,144' in grooves 110,110'. 
Further, ramps 166,166' respectively act on the radial sur- 
faces 128,128' to hold the disc 122,122' in engagement 
with flanges 102,102'. In the installed position, convolutes 
164,164' are substantially parallel with the ramps 
166,166' when the axial beads 144,144' are compacted 
into grooves 110,110' and the diaphragms 100,100' are 

concentric with the backing plates 120,120'. 
Mode of Operation 

[0022] The tandem brake booster 10 functions in a known man- 
ner such that in response to an input force applied by an 
operator to a brake pedal is communicated through push 
rod 60 to activate the control valve 40. With vacuum avail- 
able in the front chambers 22 and 28, on actuation of the 
control valve 40, communication of vacuum between the 
front chambers 22 and 28 is interrupted and air is there- 
after allowed to be communicated to chambers 30 and 24 
to created a pressure differential across the first 26 and 
second 32 wall assemblies. The pressure differential acts 
on the diaphragms 100,100' and backing plates 120,120' 
to develop an operational force that is carried through the 
backing plates 120,120' into flanges 102,102' by way the 


engagement of radial surfaces 128,128' with faces 
106,106' on flange 102,102'. The operational force after 
overcoming return spring 64 provides push rod 66 with 
an actuation force to pressurize fluid in a master cylinder 
(not shown) and effect a power assist brake application. 
During a power assist brake application, the relationship 
of the axial beads 144,144', backing plates 120,120' and 
cylindrical body 36 of hub 35 remain constant as they ax- 
ially move together during the development of the actua- 
tion force. In an absence of the availability of vacuum in 
chambers 22 and 28, an input force applied to the brake 
pedal from push rod 60 through plunger 52 to shoulder 
36a of cylindrical member 36 and after overcoming the 
force of return spring 64 is directly communicated to push 
rod 66 to pressurize fluid in master cylinder to effect a 
manual brake application as illustrated in Figure 3. As the 
cylindrical body 36 moves toward the front shell 12, the 
external beads 142,142' of diaphragms 100,100' of the 
wall assemblies 26 and 32 may remain stationary or lag in 
the movement of the cylindrical body 36 but the axial 
beads 144,144' move with the cylindrical body 36. As the 
cylindrical body 36 moves the convolutes 164,164' of ax- 
ial beads 144,144' expand as shown in Figure 3 to atten- 


uate or eliminate any radial force that may cause the axial 
beads 144,144' to move away from the bottom 111,111' 
of groves 110,110' and as a result substantially an entire 
input force is directed to effecting a manual brake appli- 
cation. 


